Introduction
Studies on cell wall composition during the development of plant galls revealed a reorganization of cellulose microfibrils (Magalhães et al. 2014; Suzuki et al. 2015) , protein, and pectin components (Formiga et al. 2013; Carneiro et al. 2015) . Changes in the pectin composition of cell walls, especially in the degree of methyl esterification, may be related to the age of plant organs or to the functional profiles of cells and tissues (Dolan et al. 1997) . Gall development requires manipulation of host-plant tissues and triggering of new morphogenetic patterns stimulated by the galling insect, culminating in the formation of tissue compartments at gall-development sites (Shorthouse et al. 2005; Oliveira et al. 2016; Bragança et al. 2017) . The orchestration of cell growth, division and redifferentiation, as well as changes in plant cell wall composition are fundamental for the generation of new shapes (Majewaska-Sawka and Nothnagel 2000; Lev-Yadun 2003) , which determines the gall morphotypes .
Pectins are the main components of the primary cell walls in higher plants, and together with proteins influence functions such as porosity, adhesion, rigidity and flexibility, as well as regulating cell growth (Showalter 1993; Mohnen 2008; Albersheim et al. 2011) . All evidence suggests that pectins are synthesized in the lumen of the Golgi apparatus by membrane-labeled, or associated, Golgi-localized glycosyltransferases that transfer glycosyl residues from nucleotide sugars to oligosaccharide or polysaccharide acceptors (Mohnen 2008) . During the biosynthesis of pectins, some pectic glycosyl residues are removed by the action of pectin methylesterases (PMEs) and this demethylesterification results in new functions, such as an imbalance of rigidity and porosity in cell walls (Jolie et al. 2010; Albersheim et al. 2011) . The use of immunocytochemical D r a f t 4 techniques to determine the degree of pectin methylesterification in cell walls can indirectly demonstrate the activity of PMEs (Liu et al. 2013) , and consequently the dynamics of the cell wall structure during gall development Carneiro et al. 2015) . In addition to the pectin-associated functions, cell-to-cell adhesion and signaling are orchestrated by the arabinogalactan proteins (AGPs), a class of soluble, complex and highly glycosylated proteoglycans, and glycoproteins during plant morphogenesis (Fincher et al. 1983; Knox et al. 1991; Majewaska-Sawka and Northnagel 2000) . Once the galling insect manipulates host-plant tissues to build the gall, are the functional roles and distribution of pectins and proteins in gall tissue components similar in all species of galling organisms?
Regarding tissue zonation, the galls induced by species of Psylloidea are relatively homogeneous, while galls induced by species of Cecidomyiidae have three specialized zones and are, therefore, among the most complex galls in nature. Accordingly, they can be useful systems to elucidate the different patterns of cell wall composition in tissue compartments throughout development. We examined the globoid leaf galls induced by 
Material and Methods

Study area and sampling
Samples of Clinodiplosis galls (n ≥ 5) and mature leaves (n ≥ 5) of Croton floribundus were obtained from a population at Serra de São José (21°00'-21°02' S and 044°00'-044°15' W), Tiradentes municipality, Minas Gerais state, Brazil. Samples of nongalled leaves, as well as young, mature, and senescent galls were fixed in 0.1 M Karnovsky's solution in phosphate buffer (pH 7.2) (Karnovsky 1965) , and stored in 70% ethanol (Johansen 1940) .
Anatomy and immunocytochemistry
Leaf epidermal fragments (1 cm 2 ) from the middle portion of the intercostal region were cleared in 10% sodium hypochlorite (Kraus and Arduin 1997), washed in water, stained in 1% safranin (Johansen 1940) 
Results
Leaf and gall structural profiles
The anticlinal cell walls of the epidermis of non-galled leaves are straight or slightly wavy on both leaf surfaces (Fig. 1A,B ). On the adaxial surface, the epidermis is uniseriate, with acicular trichomes formed by a single apical cell surrounded by basal cells (Fig. 1C ). On the abaxial surface, the epidermis is uniseriate, with lepidote-stellate and unicellular glandular trichomes and paracytic stomata ( (Fig. 1C) . The cortical region of the midrib has subepidermal collenchyma; and the vascular system is bicollateral.
The galls are globoid, sessile and hairy, and may occur isolated or in groups ( Fig.   2A ). The oviposition site is on the abaxial leaf surface (Fig. 2B ) or on young stems. The galls are green when young and brown when senescent. They contain one central larval chamber, hosting a single larva ( Fig. 2A-D ).
The epidermis of the gall is uniseriate with acicular ( Fig. 2D ) and glandular trichomes. The cortex of the young gall consists of homogeneous parenchyma ( 
Immunocytochemical profiles Extensins (LM1).
The epitopes of extensins were labeled by LM1 in the outer periclinal cell walls of the epidermis and in the aciculate trichomes of the non-galled leaves (Fig.   3A ). These epitopes were not detected in young or in mature galls ( 
Arabinogalactan-proteins (AGPs) (LM2).
The epitopes of AGPs were not labeled by LM2
in any cell layer of non-galled leaves, or in young or mature galls (Fig. 3A ,B,C). In senescent galls, the AGPs were weakly labeled in the cell junctions and middle lamella of the outer cortical cells (28 gray value) (Figs. 3D, 4B ).
β-D-galactans (LM5).
The epitopes of β-D-galactans were weakly labeled by LM5 in the cell walls of the lepidote-stellate trichomes of the non-galled leaves (25 gray value) ( 
α-L-arabinans (LM6).
The epitopes for α-L-arabinans were weakly labeled by LM6 in the epidermal cell walls (20 gray value) of non-galled leaves, and moderately labeled on the walls of spongy parenchyma cells (44 gray value) (Fig. 3A) . In young galls, these epitopes were labeled moderately in the cell walls of the trichomes around the ostiole (49 gray D r a f t 9 value) (Fig. 4F) . In mature galls, the epitopes of α-L-arabinans were labeled in the cell walls of the trichomes; the middle lamella of the lignified cells of the outer, median and inner cortices; and the walls of cells around the larval chamber (Figs. 3C, 5A ). In senescent galls, the epitopes of β-D-galactans were intensely labeled by LM6 in the lignified cell walls of the outer cortex (60 gray value) and moderately labeled in trichomes (44 gray value) (Fig. 3D) .
Partially (or referred as low) methylesterified HGA (up to 40%) (JIM5).
The epitopes of the partially methylesterified HGAs were weakly labeled by JIM5 in the cell walls of the phloem, and in the middle lamella and cell junctions of all tissues of non-galled leaves (Fig. 3A) . These epitopes were labeled only in the cell walls of the trichomes of the young galls (Figs. 3B , 5B). The epitopes of the partially methylesterified HGAs were moderately labeled by JIM5 in the cell walls of the trichomes (49 gray value) and in the outer periclinal cell walls of the epidermis (49 gray value), and intensely labeled in the middle lamella of the outer cortical cell walls (62 gray value) of mature galls (Figs. 3C, 5C ). In senescent galls, these epitopes were labeled in cell junctions of the outer cortex (Fig. 3D) .
Highly methylesterified HGA (15-80%) (JIM7).
In non-galled leaves, the epitopes of the highly methylesterified HGAs were labeled weakly to moderately in the cell walls of the epidermis, the trichomes, the anticlinal cell walls of the palisade parenchyma, and the middle lamella and cell junctions of the phloem cells (Fig. 3A) . In all the developmental stages of galls, the epitopes of the highly methylesterified HGAs were generally moderately labeled by JIM 7, but more intensely in the cell junctions ( Figs 
Pectin profiles during gall development
The dynamics between β-D-galactans and α-L-arabinans imply a functional shift of the cell wall (Jones et al. 1997 The HGAs are synthesized in the highly methylesterified state, and are uniformly distributed in the cell walls (Ridley et al. 2001; Zhang and Staehelin 1992) , as observed in Clinodiplosis galls. During gall development, de-methylesterification of the HGAs may occur, as reported for mature to senescent phases in galls on P. cattleianum (Carneiro et al. 2015) . However, in three gall morphotypes induced on B. reticularia (Formiga et al. 2013 ), the kidney-shaped gall induced on B. dracunculifolia , and dracunculifolia . Maintenance of the methylesterified status has been associated with the conservation of juvenile features in some tissue compartments of Clinodiplosis galls.
The similarities in cell wall pectin composition between Clinodiplosis galls and galls induced by members of other taxa led us to assume that the cell wall dynamics seem to be taxon-independent.
Proteins: controversial functions in galls
The extensins, labeled with LM1, seem to reinforce plant cell walls (Sabba and Lulai 2005) , which is also true for gall development sites. Formiga et al. (2013) related the extensins to the reinforcement of cell walls of mature pocket galls in B. reticularia, due to their large size and orientation of axis growth. Therefore, labeling of extensins with LM1 is D r a f t 13 expected in mature galls after cessation of growth, as proposed by Cassab (1998) for other plant organs, and is true for Clinodiplosis galls in the senescent phase. We infer that the presence of extensins recognized by LM1 in the outer layers of Clinodiplosis galls is the result of the mechanical pressure exerted during development, similarly to observations on nematode-induced galls on tobacco roots (Niebel et al. 1993) . In contrast, the epitopes of extensins were labeled in the growth and development phase of globoid galls on P.
myrtoides (Carneiro et al. 2014) , when the cells at the site of gall development had not yet enlarged.
The labeling of the epitopes of arabinogalactan-proteins (AGPs) by LM2 in cell walls of senescent Clinodiplosis galls is another interesting aspect of our results. AGPs have been commonly related to the growth and differentiation of Arabidopsis roots (Ding and Zhu 1997). For some Neotropical galls, AGPs have been labeled by LM2 in either young or senescent galls (Formiga et al. 2013 . Therefore, for
Clinodiplosis galls in senescence, the AGPs may be related to programmed cell death because of the end of cell cycles at the gall development site.
Main conclusions
Clinodiplosis galls fit the proposed structural pattern for Cecidomyiidae-induced galls, and have some peculiarities regarding cell wall composition. The epidermis and outer cortex showed the greatest diversity and variation in terms of cell wall composition during the development of the gall. HGAs are maintained in both low and high levels of methylesterification during gall development, while the dynamics of RGI (β-D-galactans and α-L-arabinans) evolve from flexibility in young galls toward rigidity in mature and Table 1 for full names of monoclonal antibodies). Smallwood et al. (1996) . Table 1 for full names of monoclonal antibodies). 244x380mm (300 x 300 DPI)
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